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1. Introduction 

The discovery of cluster radioactivity of radium isotopes and more heavy 

nuclides gave. new reasons for investigation. of coupling· between different 

channels for spontaneous emission of multinucleon particles by atomic nuclei. 
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Fig. 1. The dependence of the ratios of the a~decay and spontaneous tission 
probabilities (II) and a-decay and cluster decay probabilitie~ ( o) on the 
fissility parameter Z2/A. The dashed lines connect the points 
corresponding to ~Z""2 and ~A=6. For the nuclear chain including 
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the straight line connecting the points for ~Z""2 and ~A=4 is drawn. 

The correlations between the a-decay and spontaneous fission probabilities 

were found shortly after accumulation of the experimental data on properties of 

transuranium nuclides ll J. The corresponding systematics is shown in Fig. I. 

For the nuclei with atomic numbers Z:$92 the cluster decay probability is 

comparable or higher than the spontaneous fission. probability [2]. The 
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systematics connecting the spontaneous fission and a-decay probabilities can 

be expanded for the sum of the spontaneous fission and cluster decay 

probabilities. [3,4]. A question arises now about possible coupling of the 

spontaneous fission and cluster decay channels. Accordingly, it is desirable to 

have the data on the spontaneous fission of nuclei with Z::$90. Such nuclei have 

fission barriers of a complicated form for which theoretical calculations show 

more than two maxima [5,6]. The calculations of spontaneous fission 

probabilities for nuclei in this domain are not reliable. Due to that it is 

advisable to investigate experimentally spontaneous fission of nuclei with . 
Z::$90. 232Th is the lightest nucleus for which spontaneous fission was observed 

[3]. The measured value of the 232Th spontaneous fission probability fits well 

with the systematics of Fig. I. The highest limit for spontaneous fission was 

measured for natural lead. It is equal to T 112 s.r> 1025 years [7l The measured up 

to now limit of F6Ra spontaneous fission corresponds to T 112s.r.> 10
14 

years [8]. 

From the systematics shown in Fig.1 the partial half-life value for the 
226

Ra 

spontaneous fission equal to 1017-1018 years can be expected. It is much less 

than the extrapolations from other systematics. According to the systematics 

connecting the values of Tl/2s.f. with the fissility parameter Z
2
/A and including 

corrections for the deviations of experimental nuclear ; masses from the 

corresponding liquid drop values [9,10] the half-life for the 
22~a spontaneous 

fission can be ~ 1025 years. 

The goals of presented work are: 1) search for the 
22~a spontaneous fission 

with the sensitivity allowing one to specify th~ limits of using the systematics 

shown in Fig.l; and 2), revealing of physical grounds:ofthis systematics. 

2. Experiment 

A 226Ra source with an intensity of 2mCi (7.4x10
7 

u/s 
22~a) has been 

prepared at the Institute of Nuclear Physics (Orsay, France) by the 
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selfprecipitation method. It is a RaS04 layer put in the form of circle 15 mm in 

diameter on a platinum backing. Special phosphate glasses made at the St. 

Petersburg Optical Institute (Russia) have been used for detecting the fission 

· fragments. The size of the glasses was 40x50 mm2. The exposition of the 

detectors has been performed in air in an isolated box preventing contamination 

of the environment by radon. The distance between the surfaces of the glass 

dh 226R h226 fi" detectors an t e a source was I ll!m. T e Ra spontaneous 1Ss1on 

fragments were to registered in a circle 16 mm in diameter in the center of the 

phosphate glass. The remaining surface of the glass served· for the background 

measurements. The fission fragment registration efficiency was 0.8 in a solid 

angle of 21t. The calibration of detectors · was performed by the 248Cm 

spontaneous fission fragments through an orifice of s;I mm in diameter in 

polyethylenetherephthalate plastic film protecting the rest of the glass surface 

during the calibration. New plastic film was used for every calibration to 

prevent contamination of the detectors by microquantities of 248Cm. It was 

found that starting from the fluence of :::::2xl014 a/cm2 the diameters of the 

fission· fragments tracks, observed with an optical microscope, grow in size 

after similar etching in HF acid in comparison with the tracks on the non

irradiated by a-particles phosphat glass surface. 

We have performed 6 expositions of glass detectors on the 226Ra source with 

the total duration of 660 days. In the expositions lasting from 5 to 316 days, the 

a-particle fluences from the decay of 226 Ra and its daughter products e22Rn, 
218p 214 210 . 13 15 2 · o, Po, Po) vaned from 3.2x10 up to 2.0xl0 a/em. After all the 

expositions we have registered one fission fragment track in the central region 

16 mm in diameter and three tracks at all the remaining glass surfaces. The 

ratio between the central and other surfaces of the glass detectors used for the 

background estimation is I :9. The statistically significant difference between a 
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possible effect and background is absent. It follows from our rrieasu~emen!s 

that for 2~6Ra .~he ratio b_etween · th~. d~q~cay and s~opt~~eou~· ~ssi~~ 
probabilities AaiAs.r. ~2.6x1015• Corr!'!spondingiy, '(112 s.r. ~4x1018 

years at the 
' . ' . - . -- . ~ . - ·' .. · . . . . . ' .. 

confidence level of 63% for the Poisson distribution of events in tlirte. The . . . . . . . . - . ,-·.- .. 

value of the limit for the ratio AulAs r. obtained for 226Ra can be used with an 
';_ .. ' . ; ... . . . ' ,_ .. 

accuracy of the factor :::::2 f~r its daughter 222~.which in :::::50% of cases of)the 
• - ! • . 

226Ra a-decays implants into a platinum backing due to a recoil impulse. 

3. Analysis of the results 

.The obtained limit for the 226Ra spo~taneous fission.probability proved to be 

:::::50 times less than that expected from the systematics in fig. I. A similar 

situation exists for. the pr?perties of 2320, 23Drh,and 22~Th. The measurem~nts 

performed in the work [llJ hav~ shm.vnthat th(! ~:_!ffect assign~d .. in previous 

works to spontaneous fis.siory. is. in. reality emission of 
24

:Ne du~ters .with th,e 
. . . . ' . . ·. ~ . 

~nergy. ()f 55.9 My y.: Jl;le limit· for ~h,C? ~ ~32U, sp()ntmeous fission probability 

, ~ne~.~~r~~ }n _work [11] ~s. oqh,re~ .()rder~ ()f m,~grii~4~}~~s_t!tan .. th~texpected. .. 

from, the :systematics in Fig·.1: w:was::mentioned:in works,:[3A] t_hatthe'' :·· ·• .· -· .. _.· :..· .. : --· :-~~--· •.'_ . .,.-.-- '· ·'; .. ·" ·. __ . .;~ .. -· :· >: ":·· --~~:_: ··:'• ~-I.:<-,.,, 

deviations from .. the~ sy~tematics in Fig, 1 . can be. cau!)ed. by; th~ competition. . -- -. .- . ""' . ~ '. . . . . . . -~- . ·- . ,; ' ' .. : " . . - .... ' .. 
. . 

between the channels of spontane~us fiss~on and cluster. decay. The cluster 
• - • • c - • ' - ~ • • • ; ' • 

decay probabilities of~3;u, 228Th, ail~ 230Th.are ~fgher thai).. Bf~babilities of!lon 

observed up to nowspontaneous:fission .. The correspondi.Qg points for AafAcl fit 
• • ' • ·' · • • ~ ~ ·~ -- • .,, "v ' • • < • • : r 

well with the points for .AalA;;.r. of other nuclei ~n the systematics presented in 

Fig. I. For the 14C cluster decayof 226Ra .Aa1Ac~~3.3±LO)x10 10 .[12~14]]. The 

corresponding point. is prese_nted in Fig. I. Apparently, the relatively' high 

cluster decayprobability of226Ra can suppress its spo~taneous, fission. 

Alpha~decay;- spontaneous fission and cluster decay are quantum transitions 

from one initial nucleus to two other nuclei. The term ."quantum'.' means that 
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the. initial and final experimentally obsenied nuclear. states are. separated by an 

energy-space. interval which cannot be: experimentalJy investigated. From this 

point of view, one can try to use theoretic~} ;'fission models statistically 

considering relative probabilities of fission fragment formation as a function of 

their potential energy near the scission point [15;.18] for cluster decay and-a

decay with the aim of analysis ofthe competition between these three modes of 

nuclear decay. In the first approximation·the relative yields .of products of the . . . ~ .. .. 

two-body nuclear decay can be described by the equation: 

W=constxexp[-(V c-Q)ff] . (1), 

where V cis the Coulomb energy of two. touching final nuclei \Vith the atomic 

n!Jmbers Z1 and Z2 and ,mass .numbers Ai and A 2. Q is the ground state mass 

difference of the in~tial and the final. nuclei. T. is the parameter; expressed in 
. . . -~~<· . 

en,ergyunits. T can ~e considered as a nuclear_ temperature or parameter inverse 

to: the nqclear level density .. parameter .at..(Vc-Q)<9;· At (Vc-Q)>O one can 

consider T as the energy of zero nuclear vibrations; which. used, for example, in 
,. . ' ' 

the formulafor. parabolic fission barrier penetrability [19]: Formula (I) is ,in 

. fact the Boltzmann distribution andjt means that;for .a system of nucleons of 
,-' . . .. . . . .. - . . 

the initial nucleus transitions. to the nuclear. states with. the minimal. potential 
; . ? .. -~ ••• t • . ' ' . '. ' • - -. ; . '. 

energy are· more , probable. In our case the, potential. energy is the sum of . . . 

. Coulomb ene.rgy ,and nuclear potential energy presented by the Q-value. 
,:... - . ' •' ·. ·- . ' ' -.. . . -. 

·. In Hg.2 the, partial half-lives for spontaneous fission, a~decay ·and cluster 

dec~yofnuclei pres~nted in Fig.l are shown.as functions ofthe corresponding 

. (Vc-Q}'-values. The experimental data on a.:.decay, •. cluster decay and 

spontaneous fission are taken from works (20], (21} and [22], correspondingly. 
~ ' . - . . . . . - . 

We consider the properties of the even-even nuclei to exclude hindrance factors 

manifesting themselves in the odd-nuclei decay. Only in the case of the cluster 

decay we have presented the data for odd nuclides ,due to a relatively small 
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number of known cluster emitters. Really, including the data for odd . ' ·,. 
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"20 ~16 ·:~12 · :.8 '"4 P ·. ·(Ye-a). t0ev 
., .••. ,. 1, • '" ,,. · ,.,.,. ·.,.~··":>L<:)i;.::•./:',:.~ ·\>>,·.,,:_ .. ;.t.,;,·:,.::·.,i.·; :,:_;,ii-fl;;"";i';.;ir.J.:; . 
· · · ; · Fl!f' · 2~ ·:r~e·:·9ep~nP~!ic¢~:o(Wc•.ma.J ,lf!g~ri~ijill~,,p( .t111~ panial.ha.t(•lives fo,r 

. ~pp11i~i1~.99~,Jh~19r1 X 1,). g;(ie~?Y. (f)< arid , ~it!~Jtr :qecpy.)3J on, the 
COITesppn~Hilg ;. v~lil~$·, o( tY ~-Q): "~-~. dit1~fej1~;e pet}Vt!en . Coulqmb 
~;,frgy, n~~fJh~:.sc}is!qrt ,i1oi!H ~hd decay e•~·ergy.(Vl~Ra isq.iopes, ( *)"" 
Tb .. (ti)~U; (~j~piJ~ i+Fciil, ({))~tt (x)~frn. (o):FL (O)~A~; ( t )~ra. · . 

' ' ,, • ,,.,. - •. • " • • •'< .t ' •. . . ": .... ; . • . ' 

.'~--~ ~, .: ,-- -~•!-': ·: ... ·~-\-':_· __ ·~·i,: ~;:·:J'<·i_:_:·:-~- c::~. ~-~-'-. __ <·.1_~:·,~, :!' --~:·-: -.f:~ -·:; ~ _ _';_ .:;_:.,'-·_·: •;. _ ~ ~--· ·:_ 
ntJclei ri,!~UJts U soil)~ if! crease ii1 the point :djspersiOJJ btJt' <foes i10~ charige the 
~- ----~--~~-_:-~ --~~·;~~~\- '':<~:(··,;~~:-~.:,_--:f::·:--~l~~:~:.::~~-:·,~-;~l:1::-;:~-\~- ~-~~~.-;-~·~ 1-~,'-~-.- ---~·-· ~ .: • .' _·, ·/ ·: :; . 

general features ofthe exp~dmer\ial datci systematization in Fig:2. TheV<~value 
. ·. ..:··~·1·-:.·:;-_,_~·~t·.-\\-: ,>.--~~~";; .. :., ,~\- ' ~ .. - . . 
\v;1s calculated according lo: 

. \-~-~-~:~·:.~-~--(/._. ... ·l:-. ~~ -·t .. _\-~.~~-- '; ' 
y~=lA4x(ZaxZ2/R)xF, MeV · (2) 

Fof h-d~criytjl~ distanc~ bet;ben tl~e cent~rs bf ;me lear charge distrjbutions 

is: 

R= 1.44x[411
'
1+A2liJ xd +o~~33xPD]: ~~~1; 
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for cluster decay: 

R==l.44x(A 1
113+A2

113
), fm; 

for spontal)eous fission: 

R==l.44x[A 1
113 x( I +0.633xf32) 1+A2 113x( 1+0.633xP2h], fm. 

The experimental values of the quadrupole deformation parameters P2 were 

taken fr;~· [23, 24]. ,When the data for some nuclei were not available in [23, 

24] we us·~a the empirical regional syste~atics from [25]. We approximated the 

forms of the fission fragments and heavy, prod~cts of a~decay by prolate 

spheroids with the axes calculated for known P2 values according to [26]. For 

the cluster:decay the deformation ofdecay products was not taken into account. 
'~- .' ;_ " 

Taking into account the cluster quadrupole deformations leads to a splitting of 
t' ' ·"" '' • - ' .• 

one straigh~ line into different lines for every Z values of the clusters. Similar 

splitting i~ 'observed in the generalized Gelger-Nuttal systematics [27]. It is 
' . . ~ {,. ~ '. ; 

explained' on the basis of the spectroscopic factors for the cluster formation [2, 

28], The ~yst:im~tization of the wh~le e~~erime~tal data ori 'the cluster decay 

using one straight line in Fig.2 shows the equivalence of accounting tor the 

lri,fluence( rir: the'' cllist~~- properti~s. ori; the blust~r. e~ission probability ~ith 
__ ,. •• ~ • ' ' . .. "'; : i -~ .. '_. . ·• ; " • • : ... ; "" ~ - . .. : j • • • 

either a ~pect~oscopic factor' or defonlllltion (the' heavy duster decay product is 

the almost ~ph'eri~ai riucleus 208Pb or its neighbour) .. " . . , 

Forth~ Q~~alue ~alcul~tion~·~e used experime~·tal nu~le~r ma~~~s from [29]. 

When tile experimental data for sam~ nuclei,were not available. ~e used the 

masses·calculated according to. mass formulae giving the.best fit .to,the.closest 
( - ·,',· ' ' ' ' I 

experimental data in this nuclear region [30]. The factor f. characterizes 

deviation of. Coulomb interaction of touphed coaxialsp~h~rpi~sfrom the point 

charge;interaction,(Z1xZ2)/R [31]. The use ofthe experimental values ofthe 
, ' . . . ' 

nuclear masses and deformations makes the potential energy calculations much 

more simple and reliable in comparison:with .the m<?del considerat~on of a 
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consecutive changes of the form and energy of a fissioning nu~l~us. The 
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Fig.3. The.dependence'ofpotential·energy (Vc-Q)·ofthe :2~a two-body decay 
on the .atomic number ,~1 of a more light product. (1 )-witho~t. 'taking 
into account, deforniati6hs· of the' decay products:. (2) .: with tiling 'into 
account the ·ground state quadrupole de~ormations.offinal nuclei. : ,,_ . , · 

I' ' ;~ ~ l- ));;, j !h.;,~·}j • ~. • '-·'+ 1 j '":;·;_/,.;·~·j 

var~ations ofthe radi~spa~~11,1~ter r~. from L~ fn:t Jo.) }fm ·.hay~ :.~h~~· that 
:•!-.·,-. , ~ .. -····· , __ ,_ \ .. ;:s .··: :- .. 1

: '• ·( ~- t;•·--.;;~-- :> "<:·· ,,_,,.:d·,:; ···~ 

~0==1 .. 44 fm provides. the le~st ~catteri~g of poi~~s re,latiye t? ~r. ~traig~t lint:~ .~n 
• . ' t ,1; ~.~~·- .,, •. -.,, ••• ~-. '' .:.~ .••• '., ·:-· "~ - -~~'~!·· 

~ig .. 2. Fo.r~ponta~eous fission yve have l,lSe(f.*e Il\iJ:limal (,Vc-9)-values from 
.. t • .• .,.. f, ~- ~-;~ ,· ""< :'' \£'' ·.- ~ •. ~-··' -""r•; .:·1 <· ~- « "~ 

all the v,ariants <;>f ch,arge .and ma~s r,atj~s aF .double splitting of ar1 i~~tial 
. ~ \·· . . ~--: . ·· .. --' -- . ·" ·;· . ,· ·-·:· . ~ ·~ .:.·'' . -.·.,. ·. 

nucleus. So, shown in Fig.2 the (Vc-Q)s.r.-value.s correspond to the maxima of 
. : : ~ ~ . ~ • .- . . '. ' .. : . : . • • . . '.. • . ; . ~ .. '·j ~. i • • • • ; ~' • . . • ~ 

the fission fragment yields. It is .illustrated. in Fig.3 where the change of the 

pot~ntial.ene;g;in the 226Ra d~~a;}ntot~o;ragrvenfsA;ho;·as, a ~cti~n~~ 
i ', .•. ,.1_ •' ... ·-·' -· '·-;.. t•. 4· •.•• _ .. - • 

the value of atomic number Z1 of a more light two-body decay. product. 
;'' ' 'e 0 '•} 0 •,;•;.: ._.~; ·~:'f/r ;: "''" • •o:·~ .·.~·-' ~~. ! • •; ; ,·. -:; ·~:';, : 

Comparison of the curves obtained without ·and with taking into account the 

ground ~t;te nuclea~ ·~~~d~~ole' deform~ti~~~· sh~~~;thei~ ~s~~nti~l ~~1~ in 
''•' 

formation of the charge and mass distributions of two-body decay products . 
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withoht taking into account the prodl!c~ rl~r~~aiions, one . can practically 

e,q;~ct only asymmetric spontaneous (and iow exitaiion.energy)fission of 226Ra 

with maxima in charge distributions clb~~ to Z 1=38 and Z2=SO: With taking 

into account the 'fission fragment quadrupole deformations (see curve 2 in 

fig.3), one can e~pect appr~ciable p~obability" 6f symmetric fission of 226Ra. 

Thi~ is what obse~ed for the 226Ra fission induced by the 1 i MeV protons [32]. 

Fig.2 shows that formula (l) allo~~ systematization of the half-lives 

('f112=const/W) for a-decay, cluster decay and spontaneous fission changing in 

the range of20-30 decimal orders of magnitude with the standard deviations of 
: . ~ ' . . ' 

0.7, 1.2, and 2.0 decim~l orders, corresponqingly, The. values of the T 

pa~ameter. determined by the least.:.squ~res method are (0.064±0.003), 

(().21±0.07); and (0,18±0.01) MeV for a-d~c~y: cJuster deciJY and ~po~taneotis 
ftss~ori; ~rih-espondingly. T}J6 points for th~ Fm ·. isoto~es with the n~U.tron 
~~fu~~~-.~~,~·~7.r;~r~,-~H;.f~~~~ i~{?c,~;,6b~~~.~it·f:~e,.~~i~1~,~~ti~n r~-~ .. th~ ·r 
pai';iii:ii!ier for · th.!!. spoqtan~;:i:>ti1> fjS§fqJ1, An~Jysj~ of:<Jeviations fr:Oin the! 
:-·:~·:.~:.''_1'·.'~:.,· ('~ '~ :<-·· -~~- ~': .. ···~~\:..:·.--_~<\~ __ ·.;-_ ~~~~----.\~"-'·": _.:f":·~.;''l~···?::; .- .. ~..,.~~-- ~~>.• ·:~< ,~~-~-: .. ~·-·>- _.'; 
sysg!tfiati~s ijl fig. 2 ctiijt\eciyd Witij try!! h.igher Jtability (Jf; n~~~~L i~ .. . 
>:· =-·:~·.::··::·:-:·_~-~--;:;·-:~ .· ,· ~ :.-_ . ._·'._· .. ·. -,~;-,_\·: . -~~--··--,-. ; __ -_::~--J:,- .. ~-~-:. :v:~ ~--~:-:~:·: {::~_!···:~- .-t><·i·_~\~\t~~~;'~--:~;:?~-~~~-... ;) 

\{•·7 '.',:p¢ighpburhobd ~.fil~·utron'~lo~iir~sN=I46,15~aqd 16~ (firllt of all ,wi* regard 

·-f~,.:~f~~H~~JJ.s --~s~i·~~) .H ~~~b~J .. ~h¢.,~g~p~,?.r:~~.-~~~f~J\ f~~k,.F~li~iri~~~ 
ari~lysi§ l)}iows that for t~king into ~ccount the influence of,neutnm closures it 

~~ w~~~~ ;~f=~4t:lr~~t~~f~t~~l~i:t~;:j~~f~i::rz:~;t .. 
+h·~~~ ·~~ri¢i~·siphs ~;~ 69ri~ist¢r!~ .wiiii !li~ · ~~a~~ih~· ~La. riJtJe~~ ~~~iilh~ 

· 6~~{tt~i~~i, ~t the quadtup~le ylbr~ii6~~ [3~} ~nd. ~ riJ~tear. ~~v~l d~~sity 
k~r~ili'¢~~r b4] ai a f~nctio~ ofth~ ~~iit~6ri humbet. · . . 

i'h~ ;~tlo of ihe a-decay and' s~ontam!oJs fis~ioh p~obabiliti~s when using 

s~~~~~atics in Fig.2 can·. be approxi~ated fo~ the. ri~~iei ~lth Z:S:98 by ·the 

relation: 

10 

Log(A.ufA. •. rJ={ I40+f.:cv .-Q)uto:o64+(V .~Q)~.r/0.18]/2.3} 

For the ratio of the a-decay arid cluster decay probabilities: 

Log(A../A.c~)= { 60.5+f (V .-Q),/0.064+(V .:Q)c/0.21 ]/2.3} 

'(3) 
·.:. 

(4) 
The nume~ical coefficient 2.3 transferring riatuml logarithm to. deci~al :on~s 
has been distinguished to use the same T .:values in the' formulas {I}, (3) arid ( 4 ).; 
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Fig. 4. The' depende~ce of the. potential energy (V~~Q)"near the scis~io·~ point 
. , fora-decay (Ll), spontaneous fission (x) and cluster decay(o) of ~~c.Ra 

(cluster 14
C), 232Th e11Ne), mu e~si). WPu (~hAr). ~5!1Cm (~hAr) on the 

fissility p~mimeter Z2/ A. ..: .. 

·. 
From the data in Fig. 2 and formula (3) it follows tl~at linear dependei1cc of 

Log(A.JA.,r) on Z
2
/A tor the nuclear chains with .1Z=2 and ilA=6 or 4 in Fig I 

must be the result of similarity of the [(V,-:Q)H]., and [(Vc-Q)fr)>t. 
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dependence on Z21A. Fig. 4 shows the (\'c-Q)-values for the spontaneous 

fission: duster decay and a-decay of nu~lei in the chain with L1Z=2 and L1A=6 
~ ' . 

in Fig. I including 226Ra. The linear Z21 A dependence of Log(A.JA.,_r.) for 25°Cm. 

2-14Pu, 238U, 232Th in Fig. I c~~~late.with t~~-si~H~rity ~rz2i~ dependence~ of 
• - .· - ,\·· l ·• ·- - - . -: .· 

c . < • ~. • • • ••••• •. • •• "6' ' ... 

(Yc-Q) for a-decay and spontaneous fission in Fig. 4. The-- ~a (Vc-Q).,-value 
• > ' • .. • • • ' ' ' T o ~ \ • • • o > • ' L ' • • 

is decreasing sharply in comparison with a monotonous character of changing 

these values for more heavy nuclei in the same nuclide chain. The same . .. -~ 

behaviour is observed for the cluster decay. But (Vc-O)s.r. continues to change 

monotonically. Accordingly, ~!ling formula (3). we ~btain for ~26Ra 
Log(A.ufAs.rJ= 31 in contradiction with the value of~ 13.5 as it follows from the 

purely empirical systematics in Fig. I. So, the absence of the 226Ra spontane~us 
j 

fission fragments in our measurements becomes undestandable. 

4. Conclusions 

1) The low limit of the· 226Ra· ·sponta~eous fission half-life corresponds to 

Tl/2~4xl0 18 years. It is about 50 times more than the value expected from 
\ ;.~ ...... "~ ·."!., •<t'-_...~_,~;:· !~ ·r·• .;:.- ····, ; ! i-·· ··;~-·~1., .......... _·-~·-·' --_. !'·T H' , ••. , 

.. the empirical systematic~ connecting· tile r_lltios 'of. a-decay and 

. sp;ntaneous fission probabilities with the fissilid/~arameter Z21A [1, 3]. 

2) . Tre a-decay, cluster decay and spontaneous fission probabilities of nuclei 

with 88:::;Z:::;J 00 can be systematized as functions of the correspo~ding 

. . values (Vc-Q)- difference. between Coulomb ~~~rgy near th~-~ci~-si~n ~oi~t 
: . . . :· ' . .. . . . . : . ' . ~ . '.. ' ' 

:; of final decay products and decay energy Q. The_'experi:nental values of 

nuclear masses and quadrupole deformations are ~sed for 'the (Vc-Q) 

calculations. 

3) The systematics of Log(A.JA.s.d as a function of Z21 A (Fig I and refs. 

Jl, 3]) is the consequence of similarity of the Z21}\ dependences ofthe 
• 1. • • • • ' 

(Vc-Q),l and (Vc-Q)sL values for nuclear chains with L1Z=2 and L1A=6 

12 

or 4. In the case of 226Ra as in the case ~f 232U the proportionality between 

Log(A.JA.,d and Z21A for the nuclear chains with L1Z=2 and L1A=6 (see 

Fig. I) is destroyed due to disruption in similarity of the Z11A dependences 

of (Vc-0)" and (Vc-O)s.f.· According to the presented in this work 

systematics (Fig. 2) the expected spontaneous'fission .half~life for 220Ra is . ~ 

~10'-1 years and for 232U ~1021 years. But the cluster decay probabilities 

for both these nuclei are close to the values, expected for spontaneous 

tission according to systematics in Fig. I. 

This work has been supported by the Russian fund of the fundamental 

investigations (Grant No 96-02-17975.) 
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'1 

MHxees B.JI. H .up. 

TioHCK cnoHTaHHOro .ueneHHjj 226Ra 
H CHCTeMaTHKa BepOHTHOCTeH CllOHTaHHOfO .UeJieHHjj, a-pacna,ua 
H KJiaCTepHoro pacna,ua 

I13MepeH HH:lKHHH npe.uen nepHO,Ila CllOHTaHHOro ,lleJieHHjj 226R 

JOIUHH T 112 ;;?: 4 · 1018 neT. BepOjjTHOCTh cnoHTaHHoro .ueneH~ 2
: 

npHMepHO B 50 pa3 MeHbllle O:lKH,IlaeMOH H3 H3BeCTHOH CHCTeMaTHKll 
OTHOIIIeHne BepOjiTHOCTeH a-pacna,ua H CllOHTaHHOro ,lleJieHHjj C Be 

MeTpa .uen~MOCTH Z 2 I A. TioKaJaHo, qTo sepoj!THOCTH cnoHTaf 
a-pacna,ua H KJiacTepHoro pacna,ua qerno-qeTHhiX jj.uep c 88 :::;; Z:::;; 1 
CHCTeMaTH3HpOBaHhl e.UHHbiM o6pa30M no BeJIHqHHe pa3HOCTH KYJIOHC 
s6JIH3H ToqKH paJ.ueneHHjj Vc H :meprnH pacna,ua Q. 

Pa6oTa BblllOJIHeHa B Jla6opaTOpHH jj,llepHbiX peaKUHH HM. r.H.<I 

OpenpHHT Ofu.t;IIHHeHHoro HHcm-ryra llllepHLIX HCCJJenosaHHii. ,Uy6ua, 

Mikheev V.L. et al. 

Search for Spontaneous Fission of 226Ra 
and Systematics of the Spontaneous Fission, a-Decay 
and Cluster Decay Probabilities 

The low limit of the 226Ra spontaneous fission half-life 

to T1 12 ;;?: 4 · 10 18 years is measured. The 226Ra spontaneous. fiss 

proved to be about 50 times less than the value expected from 1 

tematics, connecting the ratios of the a-decay and spontaneous fissi 

with the fissility parameter z 2 I A. 'It is shown that the probabilities 
fission, a-decay and cluster decay can be systematized in the same 
to the difference between the decay products Coulomb energy nc 
point and decay energy Q. 

The investigation has been performed at the Flerov Laborat 
Reactions, JINR. 
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